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Field of the Invention 

The invention relates to a guide system for bone-repair devices. More 
specifically, the invention relates to a guide system for guiding a hole-forming tool 
and/or a fastener through a bone and then to a bone repair device that is connected to 
5 the bone. 

Background 

The radius is one of two long bones found in the human forearm. The radius, like 
other bones, is susceptible to a variety of fractures and other dislocations. For example, 
distal fractures of the radius are a common result of forward falls, with the palms facing 

10 downward, particularly among the elderly. In such falls, force exerted on the distal 
radius at impact frequently produces dorsal displacement of one or more bone 
fragments created distal to the fracture site. Unfortunately, internal fixation of such 
dorsally displaced bone fragments using bone plates has proved problematic. 

Fixation may be performed dorsally. In this approach, a surgeon may apply a 

15 reducing force on the fracture by attaching a bone plate to the dorsal side of the radius. 
However, unless the bone plate has a very low profile, dorsal tendons overlying the 
bone plate may rUb against it, producing tendon irritation or even tendon rupture. 

Alternatively, fixation may be performed volarly. In this approach, a surgeon may 
attach a bone plate to the volar side of the radius. The volar side of the radius may be 

20 more accessible surgically and defines a distal pocket in which the distal portion of the 
bone plate may be disposed. Accordingly, the bone plate may be less obtrusive and 
may produce less tendon irritation with placement, even if the bone plate is thicker and 
sturdier. 
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Despite the potential advantages of volar fixation, attachment of the bone plate to 
the volar side of the fractured radius may complicate reduction of the radius. The distal 
radius of elderly patients in particular generally contains porous bone of poor quality. 
Accordingly, bone screws inserted into the distal radius through openings in the bone 
5 plate may not achieve enough purchase in the bone to hold distal bone fragments in 
position against the bone plate. Moreover, these bone screws may be even less 
effective at gaining enough purchase to pull bone fragments volarly toward the plate to 
aid in reduction of the fracture. In one alternative volar strategy, a bone plate with 
threaded openings is employed. Pins having a threaded region near their heads engage 
10 the threaded openings to fix the angular positions of the pins relative to the bone plate. 
These fixed pins are configured to restrict" movement of bone fragments through contact 
with the fragments. However, the pins may be ineffective for pulling bone fragments 
volarly against the plate and for restricting movement of distal bone fragments after 
reduction. Thus, there is a need for an alternative strategy for reducing and fixing radial 
1 5 fractures, particularly in the elderly. 

Summary of the Invention 
The invention provides systems, including methods, apparatus, components, and 
kits, for guiding a hole-forming tool and/or a fastener through a bone and then to a 
bone-repair device that is connected to the bone. 
20 Brief Description of the Drawings 

Figure 1 is a lateral view of the bones of the right hand and distal forearm in 
which the radius has suffered a Colles' fracture, displacing a distal fragment of the 
radius dorsally. 
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Figure 2 is a side elevation view of an exemplary guide system disposed on the 
fractured radius of Figure 1, with the system including a guide device positioned by a 
bone plate that is secured to the radius, in accordance with aspects of the invention. 

Figure 3 is an end view of the guide system of Figure 2 in the absence of bone, 
5 viewed generally along line 3-3 of Figure 2. 

Figure 4 is a top view of the guide system of Figure 2 in the absence of bone, 
viewed generally along line 4-4 of Figure 2. 

Figure 5 is a sectional fragmentary view of the guide system of Figure 2, viewed 
generally along line 5-5 of Figure 3. 
1 0 Figure 6 is an exploded view of a portion of the guide system of Figure 2. 

Figure 7 is a sectional view of the distal right radius of Figure 1 , after bone 
fixation using the guide system of Figure 2, in accordance with aspects of the invention. 

Figure 8 is a side elevation view of an alternative exemplary guide system 
disposed on a fractured radius, in accordance with aspects of the invention. 
15 Detailed Description 

The invention provides guide systems, including methods, apparatus, 
components, and kits, for guiding a hole-forming tool and/or a fastener toward a 
predefined position(s) of a bone-repair device. The system may be used for coupling the 
fastener to the bone-repair device, after placement of the fastener through a bone, from 
20 an opposing surface of the bone. The bone-repair device may include a bone plate 
and/or a prosthesis, among others. Accordingly, the guide system may be, for example, 
a fixation system for fixing a fractured or excised bone, or an implant system for 
replacing a portion of the bone. The system may include a guide device that connects in 



4 



a predefined relation to the bone-repair device. The guide device may be configured so 
that a guide portion of the guide device and the bone-repair device are disposed on 
generally opposing sides of a bone. The guide device may be configured to correspond 
to a particular bone-repair device, so that the guide device properly targets hole-forming 
5 tools and/or fasteners through the bone and then to predefined position(s) of the bone- 
repair device. 

The guide system may be configured to repair any suitable bone damage, and/or 
perform any other suitable function, in or on any suitable bone(s). For example, the 
guide system may be used as a fixation system to reduce and/or fix bone 

10 discontinuities, such as fractures or osteotomies of the radius, tibia, fibula, femur, ulna, 
humerus, pelvis, scapula, vertebrae, cranium, and/or bones of the hand or foot, among 
others. This fixation system may provide attachment Of a bone plate to two or more 
portions of a bone. In some embodiments, the fixation system may position a bone plate 
to span a bone joint, for example, to facilitate attachment of the bone plate to two or 

15 more bones. In some embodiments, the guide system may be used as an implant 
system to attach a prosthesis to any suitable bone, such as those recited above. 

The following sections describe further aspects of the invention, including, among 
others, (I) an exemplary system, (II) bone-repair devices, (III) guide devices, (IV) hole- 
forming tools, (V) fasteners, and (VI) examples. 

20 I. Exemplary System 

This section describes an exemplary guide system, in accordance with aspects 
of the invention. The exemplary system is described in the context of fracture repair for 
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the distal radius; however, as noted elsewhere, the systems provided by the invention 
may be used for any suitable purpose, with any suitable bone. 

Figure 1 shows an upper right extremity 20 exhibiting a Colles' fracture 22, which 
is a very common fracture of the distal radius 24 typically caused by using an 
5 outstretched hand to break a fall. The position of the fracture is indicated relative to the 
skin of the distal forearm 26 and hand 28, which is shown in phantom outline. In Colles' 
fracture 22, a smaller, distal bone fragment 30 may be displaced dorsally from a larger, 
proximal bone segment 32 of the radius. Colles' fracture 22 may be reduced and fixed 
with the guide system described herein by placement of a bone plate on the volar 

10 (anterior or lower) side 34 of the radius. This placement may reduce or avoid tendon 
irritation that may occur with flexion when the bone plate is attached to the dorsal 
(posterior or upper) side 36 of the radius. 

Figure 2 shows an exemplary guide system 50 positioned on fractured radius 24, 
with the Colles' fracture 22 reduced. Guide system 50 may include (1) a bone-repair 

15 device, such as bone plate 52, (2) a guide device 54, (3) a hole-forming tool 56, and/or 
(4) a plurality of fasteners 58, among others. The bone-repair device may be connected 
to guide device 54, to facilitate positioning of the guide device in correspondence with 
the bone-repair device. 
II. Bone-Repair Device 

20 Bone-repair device 52 may include among others any device configured to be 

attached to one or more bones for repair of the bone(s). The bone-repair device may be 
an addition to the bone(s) (such as a bone plate), and/or it may be a replacement for a 
portion or all of the bone(s) (such as a prosthesis), among others. The bone-repair 
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device may be placed in apposition to a natural and/or an engineered surface of the 
bone(s), such as a cut surface, among others. 

The bone-repair device may include one or more openings (such as through- 
holes, recesses, and/Or concavities, among others). In some embodiments, the bone- 
5 repair device may include different openings configured to receive fasteners from 
opposing directions. The opposing directions may direct fasteners (1) through a bone 
and then to the bone-repair device, and (2) through the bone-repair device and then into 
the bone. The openings may be threaded or nonthreaded. In some embodiments, 
threaded openings, nuts, and/or the equivalent may be used for connection of the bone- 

10 repair device to fasteners directed from a generally opposing surface of a bone, and 
threaded (locking or fixed-angle) and/or nonthreaded (nonlocking or variable-angle) 
openings may be used for directing fasteners through the bone-repair device and then 
into bone. The threaded or nonthreaded openings may include or lack counterbores. 

The bone-repair device may have any suitable configuration for repairing a bone. 

15 The bone-repair device may be configured to be attached temporarily to a bone, for any 
suitable period of time, or attached permanently. In some embodiments, the bone-repair 
device may be configured for use on both sides of the body or on only the left or right 
side of the body. When configured as a bone plate, the bone-repair device may be any 
plate configured to span a bone discontinuity, such as a fracture, an excision, and/or a 

20 joint, among others, to fix the relative positions of bone portions or bones on opposing 
sides of the discontinuity. When configured as a prosthesis, the bone-repair device may 
be configured to replace an articulating surface or a portion of the articulating surface. 
Further aspects of bone plates and prostheses that may be suitable for using in the 
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guide system are included in the following patent applications, which are incorporated 
herein by reference in their entirety for all purposes: U.S. Patent Application Serial 

No. , filed November 19, 2003, titled ADJUSTABLE BONE PLATES, and naming 

Randall J. Huebner and Steven P. Horst as inventors; U.S. Patent Application Serial 

5 No. , filed November 19, 2003, titled DEFORMABLE BONE PLATES, and naming 

Randall J. Huebner as inventor; U.S. Patent Application Serial No. , filed 

November 19, 2003, titled BONE PLATES WITH SLOTS, and naming Randall J. 

Huebner as inventor; U.S. Patent Application Serial No. filed November 19, 

2003, titled BONE PLATES WITH REFERENCE MARKS, and naming Randall J. 
10 Huebner as inventor; U.S. Provisional Patent Application Serial No. 60/512,111, filed 
October 17, 2003; and PCT Patent Application Serial No. PCT/US02/18623, filed June 
10, 2002. 

The bone-repair device may include one or more connective features 59. The 
connective features may be any structure of the bone-repair device that permits 

15 coupling of the bone-repair device to a fastener. Accordingly, a connective feature may 
be a threaded opening to be engaged by a threaded fastener, a nonthreaded opening, a 
hook, a pin, or the like. 
III. Guide Devices 

The guide device may play a number of roles. For example, the guide device 

20 may (1 ) apply a force on a bone (or bone fragment) toward a bone plate to reduce a 
fracture and/or hold the bone in position during fixation; (2) guide a hole-forming tool (for 
example, a drill bit) into a bone toward a connective feature (such as an opening) of a 
bone-repair device; (3) measure a distance corresponding to the spacing between the 
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bone-repair device and a guide portion of the guide device, for example, to facilitate 
fastener selection; and/or (4) direct a bone fastener into a bone so that the distal end of 
the fastener is received by the connective feature of the bone-repair device, among 
others. In some embodiments, the guide device may direct threaded fasteners at an 
5 angle that allows proper threaded engagement with threaded openings of the bone- 
repair device. 

Guide device 54 may include one or more guide elements 60 that define a path 
or guide axis 62 for fastener placement. The guide device may define the path or guide 
axis at least substantially external to the bone, that is, without entering into the bone 

10 and/or without passing through the bone. Each guide axis may intersect a predefined 
position 64 of a bone-repair device, for example, a connective feature 59 (such as an 
opening) of the bone-repair device. The guide device may guide hole-forming tool 56 
and/or a suitable fastener along the guide axis toward predefined position 64 from a 
generally opposing surface 68 of the bone, and toward a bone-facing or inner surface 

15 70 of the bone-repair device and an adjacent surface 72 of the bone. The guide 
element, although spaced from a bone-repair device by intervening bone, may be 
configured so that it may be positioned in alignment with one or more connective 
features 59 of the bone-repair device, by connection of the bone-repair device to the 
guide device. The alignment may not only intersect the connective feature but may 

20 direct the fastener at a suitable angle for coupling, such as for threaded engagement 
with a threaded opening. 

The guide device may be formed of any suitable material(s), particularly rigid 
materials. Suitable materials for the guide device may include metal or a metal alloy, a 
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biocompatible material (stainless steel, a titanium alloy, cobalt chromium, etc.), a 
ceramic, wood, plastic, glass, and/or the like. 

The guide device may be configured for use with a particular bone-repair device 
and/or a set of such devices. Accordingly, the guide device may be configured in 
5 correspondence with a bone-repair device for use on both sides of the body or for use 
on only the right or left side of the body. 

The guide device may include, among others, (1) a coupling portion 74, (2) a 
guide portion 76, and/or (3) an optional spacer portion 78, connecting the coupling and 
guide portions, for example, as described below. 

10 i. Coupling Portion 

Coupling portion 74 may include among others any structure configured to 
provide coupling or connection of the guide device to the bone-repair device. The 
coupling portion may provide coupling to a predetermined position(s) of the bone-repair 
device. Accordingly, the coupling portion may include openings and/or fasteners (such 

15 as screws, clips, pins, etc.) that position the coupling portion relative to and/or connect 
the coupling portion to the bone-repair device. For example, a coupling mechanism may 
include a snap-fit engagement of complementary structures on the guide portion and 
bone-repair device, clasps that attach the guide portion to the bone-repair device, a 
clamp-like engagement with the bone-repair device, attachment with one or more 

20 threaded fasteners, and/or the like. In some embodiments, the bone-repair device may 
be configured to include dedicated features (such as openings, ridges, protrusions, 
indentations, etc.) provided only for use with the coupling portion. Alternatively, 
openings or other features of the bone-repair device may be used for attachment to the 
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coupling portion and also for attachment to a bone after the coupling portion has been 
disconnected from the bone-repair device. Whatever the mechanism of connection, the 
connection should be sufficiently stable so that the guide portion does not detach 
unexpectedly as it performs a selected guide function. The coupling portion may be 
5 connected to a bone-repair device before or after the bone-repair device is connected to 
a bone. 

The coupling portion may be connected to any suitable portion of a bone-repair 
device. For example, the coupling portion may be connected an axial portion or a 
transverse portion of a bone plate. Furthermore, the coupling portion may be connected 

10 to a fixed or movable portion of a bone-repair device. For example, the coupling portion 
may be connected to first portion of a bone plate that is movable pivotally or 
translationally (through a mechanical joint or deformable region) in relation to a second 
portion of the bone plate. The second portion may be fixed to bone or adjustably 
positionable thereon, such as with slots in which bone screws are received but not fully 

15 tightened into bone. In some embodiments, the first portion may be an axial plate 
portion and the second portion may be a transverse plate portion. Further aspects of 
adjustable or movable bone plates to which the coupling portion may be connected are 
described in the following patent applications, which are incorporated herein by 
reference in their entirety for all purposes: Serial No. , filed November 19, 2003, 

20 titled ADJUSTABLE BONE PLATES, and naming Randall J. Huebner and Steven P. 

Horst as inventors; Serial No. , filed November 19, 2003, titled DEFORMABLE 

BONE PLATES, and naming Randall J. Huebner as inventor; Serial No. , filed 

November 19, 2003, titled BONE PLATES WITH SLOTS, and naming Randall J. 
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Huebner as inventor; and U.S. Patent Application Serial No. , filed November 19, 

2003, titled BONE PLATES WITH REFERENCE MARKS, and naming Randall J. 
Huebner as inventor. 

ii. Guide Portion 

5 Guide portion 76 may include among others any structure connected to coupling 

portion 74 and configured to define guide axis 62. The guide axis may be any path 
along which a tool or fastener may be guided physically by the guide portion. 
Accordingly, the guide axis may be defined by a guide element 60 having a passage, 
such as a channel, through which a tool or fastener may be advanced axially. The 

10 passage may restrict substantial lateral movement of the tool or fastener by having a 
diameter slightly larger than a tool and/or fastener for which the passage is configured. 
The guide element may be an integral component of the guide portion, such as an 
aperture or opening formed in the guide portion, or may be formed by a separate 
component, such as a tube (or cannula) of any suitable shape and size disposed in a 

15 frame 79 of the guide portion. The tube may direct a drill bit, a fastener (such as a bone 
screw), and/or a driver (such as screwdriver), among others, through the guide element 
and along guide axis 62 through intervening bone and then to an oppositely situated 
bone-repair device. 

The guide portion may define any suitable number of guide axes and may 
20 include any suitable number of guide elements. In some embodiments, the guide 
portion may define a set of two or more guide axes that intersect a corresponding set of 
two or more connective features, such as threaded openings, of the bone-repair device. 
A guide element may be movable to spaced positions within the frame to define spaced 
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guide axes of a guide portion. Alternatively, or in addition, the coupling portion may be 
movable relative to the frame and/or bone repair device to define spaced guide axes. 

Guide portion 76 may have any suitable structural relationship to coupling portion 
74 and target bone. The guide and coupling portions may be joined as a single piece or 
may be formed by distinct components. Guide portion, particularly frame 79, may have 
any suitable clearance relative to a target bone. For example, the clearance may be 
about 0.5" to 2" to avoid contact with soft tissue disposed over the target bone and/or to 
provide for variations in bone size within the population. 

Guide element 60 may be fixed or movable relative to the coupling portion and 
may be fixedly or movably disposed within guide portion 76. In some embodiments, a 
guide element may be movable laterally to a plurality of predefined positions within 
frame 79. Alternatively, or in addition, a guide element may be movable axially to adjust 
its spacing from the bone-repair device. For example, a guide element may be movable 
axially, as the frame of the guide portion remains fixed. 

Indicia of the guide device may be configured to correspond to the spacing 
between guide element 60 and a bone-repair device. For example, the indicia may 
include graduations 80 and/Or symbols disposed in, on, and/or about the guide element, 
among others. Such indicia may be configured to report a distance between the guide 
element and an oppositely situated bone-repair device. For example, the distance may 
be measured from a distal end 81 of guide element 60 to bone plate 52, and thus may 
relate to the relationship of the guide element to frame 79. Sets or arrays of indicia may 
be arrayed generally parallel to guide axis 62 and may include symbols (such as 
numbers) that correspond to the distance measured. A fixed feature on frame 79 may 
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identify an indicium, such as a particular graduation, that corresponds to the measured 
distance, for example, the first graduation visible above or below frame 79, among 
others. By knowing this distance, a surgeon may select a fastener of sufficient length to 
span intervening bone and extend into effective engagement with the bone-repair 
device. 

In some embodiments, guide element 60 may have restricted movement in one 
or both directions parallel to guide axis 62. Restricted movement of guide element 60 
may be governed by a detent mechanism 82. The detent mechanism may be any 
mechanism configured to restrict movement of a guide element relative to the coupling 
portion and/or other regions of the guide portion. In some embodiments, the detent 
mechanism may permit axial movement of guide element 60 toward the bone-repair 
device, but restrict axial movement away from the bone-repair device. This may permit 
a guide element to apply a force on a bone (or bone portion) toward a bone-repair 
device, for example, parallel to a guide axis, to urge the bone (or portion) toward the 
bone-repair device. The detent mechanism also may be releasable to permit axial 
movement of the guide element in both directions. 

iii. Spacer Portion 

The guide portion may be connected to the coupling portion by a spacer portion 
78. The spacer portion may be any structure that connects a coupling portion to a guide 
portion of a guide device, so that these portions are disposed adjacent spaced positions 
of a generally convex bone surface, generally at predefined relative positions. The 
spacer portion may be configured to extend adjacent any suitable surface of a bone. 
Accordingly, the spacer portion may be bent, arcuate, helical, and/or angular, among 
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others. In some embodiments, the spacer portion may extend along a convex bone 
surface, to provide a connection of the guide portion to the coupling portion that is 
external to bone. For example, the spacer portion may extend between generally 
opposing surfaces of a bone. Generally opposing bone surfaces, as used herein, are 
5 spaced bone surface regions that can be spanned by a fastener passing through bone. 
The spacer portion may extend, for example, around the medial, lateral, dorsal, ventral, 
rostral, and/or caudal side of a target bone, as appropriate for the target bone. When 
configured for use with a distal radius fracture, the spacer portion may be configured to 
extend around either side of the radius, for example, the medial side. 

10 The spacer portion may be rigid and may be fixed in position relative to the other 

portions of the guide device. However, in some embodiments, the spacer portion 
(and/or the guide portion) may be movable incrementally or continuously, for example, 
to guide fasteners to distinct connective features of a bone-repair device, to guide 
fasteners to different bone-repair devices, and/or to make small adjustments in the 

15 alignment of the guide portion. This movement may be rotary and/or translational, as 
determined by joints within the spacer portion or between the spacer portion and the 
coupling and/or guide portions. 
IV. Hole-Forming Tools 

Hole-forming tool 56 may include among others any manually and/or power- 

20 driven tool that can remove bone material from along and/or about the guide axis to 
create a hole. The tool may be a drill with a drill bit, a reamer, a punch, and/or the like. 
In some embodiments, the tool may be a fastener that is configured to be self-drilling, 
such as a self-drilling bone screw. The hole may be a through-hole extending 
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completely through a bone, between generally opposing surfaces of the bone. The hole 
may include a counterbore to receive a head of a fastener. 

V. Fasteners 

Fastener 58 may include among others any structure configured to couple a 
5 bone-repair device to a bone. The fastener may be a bone screw, a wire, a pin, and/or 
the like. The fastener may be configured to engage a bone and the bone-repair device 
using a head and/or a shaft of the fastener. For example, the fastener may be a "type 1" 
or a "type 2" bone screw. Type 1 bone screws are configured to be received by a bone- 
repair device from an inner surface of the device after traveling through a bone. Type 2 

10 bone screws are configured to be received by the bone-repair device from an outer 
surface of the device. Accordingly, type 1 screws may include a threaded shaft that is 
complementary to a threaded opening included in the bone-repair device and/or a 
structure such as a nut associated therewith. By including threaded openings in the 
bone-repair device, a fastener may be rotated into threaded engagement with the bone- 

15 repair device at the distal (or proximal) end of the fastener. A proximal end or head of 
the fastener may engage the bone (or bone fragment) at an opposing surface of the 
bone (a natural or engineered surface, such as a recessed surface), so that the bone- 
repair device and bone are pulled toward one another. 

VI. Examples 

20 The following examples describe selected aspects and embodiments of the 

invention, including, among others, exemplary guide systems, and methods of use 
thereof, for repairing fractures of the distal radius. These examples are included for 
illustration and are not intended to limit or define the entire scope of the invention. 
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Example 1 : Exemplary Guide System I 

This example describes further aspects of guide system 50; see Figures 3-7. The 
same reference indicators are used to refer to the same system components throughout 
the discussion of Figures 1 and 2 above and Figures 3-7 below. Thus, to make it easier 
5 to understand the relationship between different drawings, selected drawings may 
include reference indicators for system components that are discussed primarily or 
exclusively in the context of other drawings. 

Figure 3 shows an end view of guide system 50 from Figure 2, in the absence of 
radius 24, viewed generally along line 3-3 of Figure 2. Guide system 50 may be 
10 configured to define a plurality of guide axes 62. The guide axes may intersect 
corresponding connective features of bone plate 52, such as a spaced set of threaded 
openings 59. Threaded openings 59 may be arrayed in a linear or nonlinear 
configuration, as appropriate. 

Guide portion 76 may define guide axes 62 using a guide element 60 that is 
15 removable from the guide portion. Accordingly, a single guide r element 60 may be 
moved among a plurality of receiving sites 92 defined by frame 79 of the guide portion. 
The receiving sites may be configured, for example, as bores or openings in frame 79 
(see Figure 4). In the present illustration, guide element 60 occupies one of the 
receiving sites; alternative lateral positions of the guide element are indicated in 
20 phantom outline. In alternative embodiments, the guide portion may include a plurality of 
guide elements 60, such as a guide element for each receiving site 92 of the frame. 

Guide device 54 may be connected to bone plate 52 so that bone-opposing or 
outer surface 94 of the bone plate is apposed to the guide device (see also Figure 2). 
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Accordingly, coupling portion 74 may be spaced from a target bone by bone plate 52. 
Outer surface 94 may oppose inner surface 70 of the bone-repair device, so that the 
inner surface is disposed closer to the guide portion of the guide device. 

Figure 4 shows a top view of guide system 50 from Figure 2, in the absence of 
radius 24. Coupling portion 74 and spacer portion 78 position guide portion 76 in 
correspondence with bone plate 52. In particular, receiving sites 92 are aligned with 
threaded openings 59 of the bone plate, so that guide element 60, when suitably 
positioned in each receiving site, may guide a bone screw into each opening 59. 

Figure 5 shows a sectional view of selected portions of guide device 54, 
particularly guide portion 76. Guide element 60 may be received slidably in a bore 102 
defining receiving site 92. Bore 102 may define the angular disposition of guide element 
60 and sliding movement thereof. Distal end 81 of the guide element may include one or 
a plurality of projections 104, to create a serrated end structure that engages a bone 
and restricts lateral bone movement when the guide element is moved into contact with 
the bone along guide axis 62. 

Detent mechanism 82 may be configured to allow or restrict movement of guide 
element 60. The detent mechanism may include a movable catch 106 and an array of 
engagement sites 108 for the catch. The catch may be configured, for example, as a pin 
110 that is biased in position using a biasing mechanism, such as spring 112. 
Engagement sites 108 may be defined by a series of projections 114 and/or 
depressions 116, for example, forming a set of teeth 118. Teeth 118 and/or a distal end 
120 of the pin may be configured to be asymmetric in profile, so that movement of guide 
element 60 away from the bone is restricted and movement toward the bone is 
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permitted. Pin 110 may be movable within frame 79 between engaged and released 
positions. In the engaged position, shown in the present illustration, distal end 120 of 
the pin may engage teeth 118 to restrict movement of guide element 60 away from the 
bone, parallel to guide axis 62, but to permit movement of the guide element toward the 
5 bone. Pin 110 also may include a handle 122 that may be operated with a tool or 
manually, without tools, to move pin 110 out of engagement with teeth 118, thereby 
releasing guide element 60 so that it is permitted to slide in one or both axial directions. 

In operation, guide element 60 may be moved into engagement with a bone so 
that serrated distal end 81 applies a force on the bone. The force may be directed 

10 toward bone plate 52. Thus, guide element 60 and bone plate 52 may form a clamp that 
holds a bone fragment or portion in position between the guide portion and the bone 
plate. Detent mechanism 82 may be inactivated, such as by retraction of pin 110, to 
release the clamp, which may permit movement of the guide element away from the 
bone, thus releasing intervening bone. 

15 Figure 6 shows an exploded view of a volar portion of guide system 50. An 

exemplary placement of screws into an axial region 132 of bone plate 52 is indicated. 
The bone plate may be generally T-shaped. Accordingly, axial region 132 may be joined 
to a transverse region 134 of the bone plate. The axial region may be configured to be 
attached to a major portion of a fractured bone, aligned with its long axis at least 

20 substantially parallel to the axis of the bone. The axial region may be longer than the 
transverse region, about the same length as the transverse region, or shorter than the 
transverse region, as appropriate for a particular application. Axial region 132 may 
include a plurality of connective features 136 to receive fasteners such as type 2 bone 
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screws 58 and machine screws 138. The connective features may be openings 140, 
142, 144, as shown here, or cavities, among others. Openings may be circular, shown 
at 140, 142, and/or slots, shown (as a compression slot) at 144. The connective 
features may be independently threaded, partially threaded, or nonthreaded. In the 
present illustration, openings 142 are threaded, and openings 140, 144 are 
nonthreaded. 

Transverse region 134 may be configured to be attached to an end region of the 
bone, such as to a bone fragment produced by a fracture. The transverse region may 
provide a wide support platform to stabilize the bone fragment. 

Screws may be placed through openings 140-144 to connect bone plate 52 to 
the bone and the guide device to the bone plate. For example, one or more of bone 
screws 58 may be placed through openings 140, 144 from bone-opposing surface 94 
and into bone. In addition, one or more machine screws may be placed through bores 
146 of coupling portion 74 for engagement with threaded openings 142 of the bone 
plate. In some embodiments, bone plate openings for connection of the guide device to 
the bone plate may be nonthreaded, so that guide device 54 is connected to the bone 
plate via underlying bone. In some embodiments, the bone plate may be configured for 
attachment of the guide device to the transverse portion of the plate. The transverse 
portion may be fixed or adjustably positionable in relation to the axial portion of the 
plate. 

Figure 7 shows a sectional view of distal right radius 24 after fixation using guide 
system 50. Bone screws 58 may be configured to received unicortically or bicortically in 
radius 24 and from opposing directions of approach toward the bone plate. 
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Some bone screws may attach the bone plate to the bone by passing first 
through the plate and then into or through the bone. In such embodiments, bone screws 
58 disposed more distally on the bone may be shorter, unicortical screws. The use of 
unicortical screws distally may minimize the chance that the distal ends of the screws 
protrude dorsally to irritate tendons. Conversely, bone screws disposed more proximally 
on the bone may be longer, bicortical screws, to improve anchorage to the radius in this 
region. In some embodiments, the axial portion of the bone plate may include staggered 
openings that direct bone screws along nohparallel paths to achieve better purchase on 
bone, so that shorter bone screws may be used. Further aspects of bone plates with 
staggered openings that may be suitable for use with the guide device are included in 
the following patent application, which is incorporated herein by reference: U.S. 
Provisional Patent Application Serial No. 60/512,1 1 1 , filed October 17, 2003. 

Alternatively, or in addition, some bone screws may attach the bone plate to the 
bone by passing first through the bone and then into the plate. For example, one or 
more opposing screws 1 52 may be received by bone plate 52 from opposing surface 68 
of the radius and from bone-facing surface 70 of the bone plate. Opposing screws 152 
may be received by transverse region 134 of the bone plate (ahd/or axial region 132 
(see Figure 6)). A head 154 of an opposing screw may engage a natural opposing 
surface 68 of bone or a recessed surface 156 created from the natural opposing 
surface. A threaded shaft 158 disposed distally to head 154 may be configured to 
engage threaded openings 59. Intermediate region 160 of the shaft may be threaded or 
nonthreaded. The intermediate region may have any suitable diameter. However, in 
some embodiments, the intermediate region may be configured so that it cannot be 
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received in a threaded connective feature of a bone-repair device. In these 
embodiments, advancement of the screw stops when the intermediate region reaches 
the connective feature. Such a configuration of the intermediate region may prevent 
excessive protrusion of the distal end of the screw above the outer surface 94 of the 
bone-repair device. Accordingly, the intermediate region of the screw may define a 
shoulder of greater diameter (threaded or nonthreaded) and/or may have a thread 
structure that is not complementary to threads of a corresponding connective feature. 
The overall lengths of opposing screws, and particularly the shafts of such screws, may 
be selected to correspond generally to the thickness of the bone and bone-repair device 
into which the shafts extend. Threaded engagement of a bone screw with a bone plate 
may help to fix the angle with which the screw extends into a bone fragment, thereby 
reducing any movement of the bone fragments permitted by movement of the bone 
screw relative to the bone plate. 

Finally, some screws such as machine screws 138 may be used to attach guide 
device 54 to bone plate 52 and position the guide device thereon, without contacting or 
penetrating into the bone. 
Example 2: Exemplary Guide System II 

This example describes another exemplary guide system; see Figure 8. 

Guide system 250 may be configured to fix a fracture 252 of distal radius 254. 
Guide system 250 may include an adjustable bone plate 256 and a guide device 258, 
among others. 

Adjustable bone plate 256 may include a proximal anchor portion 260, a distal 
anchor portion 262, and a joint 264 connecting the anchor portions. The joint may 
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permit pivotal and/or translational movement of the anchor portions relative to each 
other. In the present illustration, joint 264 permits pivotal movement about three 
orthogonal axes. The joint may have an adjustable configuration, in which adjustment is 
permitted, and a fixed configuration, in which the relative disposition of the anchor 
portions is fixed. 

Guide device 258 may be configured generally as described above in Section I 
for guide device 54. Accordingly, the guide device may include a coupling portion 266, a 
guide portion 268, and a spacer portion 270 connecting the coupling and guide portions. 
Coupling portion 266 may be configured to be connected to distal anchor portion 262 of 
the bone plate, so that adjustment of distal anchor portion 262 is coupled to adjustment 
of guide portion 268. In particular, a change in the angular disposition of guide portion 
268 may create a corresponding change in the angular disposition of distal anchor 
portion 262. Thus, any portion of the guide device may be used as a handle, which may 
be grasped by a user's hand, to produce corresponding changes in the disposition of 
guide portion 268 and the distal anchor portion 262. 

Further aspects of adjustable bone plate 256 and other adjustable bone plates 
that may be used in the guide systems described here, are included in the following 
patent applications, which are incorporated herein by reference: U.S. Patent Application 

Serial No. , filed November 19, 2003, titled ADJUSTABLE BONE PLATES, and 

naming Randall J. Huebner and Steven P. Horst as inventors; U.S. Patent Application 

Serial No. , filed November 19, 2003, titled DEFORMABLE BONE PLATES, and 

naming Randall J. Huebner as inventor; U.S. Patent Application Serial No. , filed 

November 19, 2003, titled BONE PLATES WITH SLOTS, and naming Randall J. 
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Huebner as inventor; and U.S. Patent Application Serial No. , filed November 19, 

2003, titled BONE PLATES WITH REFERENCE MARKS, and naming Randall J. 
Huebner as inventor. 

The disclosure set forth above may encompass multiple distinct inventions with 
independent utility. Although each of these inventions has been disclosed in its 
preferred form(s), the specific embodiments thereof as disclosed and illustrated herein 
are not to be considered in a limiting sense, because numerous variations are possible. 
The subject matter of the inventions includes all novel and nonobvious combinations 
and subcombinations of the various elements, features, functions, and/or properties 
disclosed herein. The following claims particularly point out certain combinations and 
subcombinations regarded as novel and nonobvious. Inventions embodied in other 
combinations and subcombinations of features, functions, elements, and/or properties 
may be claimed in applications claiming priority from this or a related application. Such 
claims, whether directed to a different invention or to the same invention, and whether 
broader, narrower, equal, or different in scope to the original claims, also are regarded 
as included within the subject matter of the inventions of the present disclosure. 
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